Inventors: Zhiping Yin, et al. 
Serial No.: 10/671,186 

In the Claims 

1. (presently amended) A method used to form a semiconductor device comprising: 

forming a layer to be etched over a semiconductor wafer substrate assembly; 

forming a boron-doped amorphous carbon (a-C:B) antireflective coating 
(ARC) layer over said layer to be etched; 

patterning said a-C:B ARC layer to expose said layer to be etched; 

etching said layer to be etched to pattern said layer; then 

exposing said a-C:B ARC layer to an oxygen plasmaj_and 

introducing a fluorine-containing gas into said oxygen plasma during said 
exposure of said a-C:B ARC layer to said oxygen plasma . 

2. (original) The method of claim 1 further comprising heating said a-C:B ARC layer 
to a temperature of between about 200°C and about 380°C during said exposure of 
said ARC layer to said oxygen plasma. 

3. (original) The method of claim 2 further comprising exposing said ARC layer to 
^id1oYyge~n~plasma seconds "a nd"about"T20 " 
seconds. 

4. (original) The method of claim 1 further comprising: 

prior to patterning said a-C:B ARC layer, forming a patterned photoresist 
layer over said a-C:B ARC layer; 
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patterning said a-C:B ARC layer using said patterned photoresist layer as a 
pattern during said patterning of said a-C:B arc layer to expose said layer to be 
etched; and 

1 

exposing both said photoresist layer and said a-C:B ARC layer to said oxygen p 
plasma. § 

m 

5. (canceled) O 

6. (original) The method of claim 1 wherein said layer to be etched is a dielectric 
layer and said method further comprises: 



forming an opening in said dielectric layer during said etching of said layer to 
be etched; and 

subsequent to exposing said a-C:B ARC layer to said oxygen plasma, forming 
a conductive layer within said opening in said dielectric layer. 

7. (original) The method of claim 1 wherein said exposure of said a-C:B ARC layer 
to said oxygen plasma forms an ashed a-C:B layer and said method further 
comprises exposing said ashed a-C:B layer to a solution comprising both phosphoric 
acid and ammonium fluoride. 

8. (presently amended) A method for patterning a layer to be etched which overlies 
a semiconductor wafer, comprising: 

forming a boron-doped amorphous carbon layer on said layer to be etched; 

forming a photoresist layer on said boron-doped amorphous carbon layer; 
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patterning said photoresist layer and said boron-doped amorphous carbon 
layer; af^ 

etching said layer to be etched to pattern said layer to be etched using said 
pattern of said patterned boron-doped amorphous carbon layer as a patternj_and 

removing said photoresist layer and said boron-doped amorphous carbon 
layer by: 

exposing said photoresist layer and said boron-doped amorphous 
carbon layer to an oxygen plasma to form an ashed photoresist layer and an ashed 
boron-doped amorphous carbon layer subsequent to etching said layer to be 
etched; and 

exposing said ashed photoresist layer and said ashed boron-doped 
amorphous carbon layer to an acid . 

9. (canceled) 

10. (presently amended) The method of claim -9- 8 further comprising introducing a 
fluorine-containing gas into said oxygen plasma during said exposure of said boron- 
doped amorphous carbon layer to said oxygen plasma. 



11. (presently amended) The method of claim -9- 8 further comprising exposing 
said ashed photoresist layer and said ashed boron-doped amorphous carbon layer 
to a solution comprising phosphoric acid and ammonium fluoride during said 
exposure of said ashed photoresist layer and ashed said boron-doped amorphous 
carbon layer to said acid. 

12. - 16. (canceled) 
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17. (presently amended) A method used to form a semiconductor device, 
comprising: 

forming a layer to be etched over a semiconductor wafer substrate assembly; 

forming an amorphous carbon layer over the layer to be etched [[,]] by: 

placing the semiconductor wafer substrate assembly into a chamber: 

heating the chamber to a temperature of between about 200°C and 
about 450°C; 

introducing propylene into the heated chamber at a flow rate of 
between about 200 standard cmVminute (seem) and about 1,000 seem, diborane at 
a flow rate of between about 100 seem and about 2 P 000 seem, and helium at a flow 
rate of between about 0.0 seem and 1,000 seem and; 

during the introduction of propylene, diborane, and helium into the 
heated chamber, subjecting the chamber to a radio frequency power of between 
about 300 watts (W) and about 1,000 W and a pressure of between about 3.0 torr 
(T) and about 7.0 T to result in an wherein the amorphous carbon layer -is- doped 
with boron to between about 0.1 atom % and about 20 atom %; 

forming a patterned photoresist layer over the amorphous carbon layer; 

patterning the amorphous carbon layer using the patterned photoresist layer 
as a pattern; 

etching the layer to be etched using the pattern of the photoresist layer as a 
pattern; and 

subsequent to etching the layer to be etched, exposing the amorphous 
carbon layer to an oxygen plasma to remove the amorphous carbon layer. 
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18. (previously presented) The method of claim 17 wherein the amorphous carbon 
layer is doped with boron to between about 1 atom % and about 10 atom %. 

m 

19. (previously presented) The method of claim 17 wherein the amorphous carbon .w 
layer is doped with boron to between about 5 atom % and about 10 atom %. ^ 



20. (canceled) m 

O 

o 

21. (previously presented) The method of claim 17 further comprising exposing the 
semiconductor wafer substrate assembly to a wet etch for a duration of between 
about 5 minutes and about 10 minutes subsequent to exposing the amorphous 
carbon layer to the oxygen plasma. 



22. (previously presented) The method of claim 17 further comprising exposing the 
amorphous carbon layer to a fluorine-containing oxygen plasma during the 
exposure of the amorphous carbon layer to the oxygen plasma. 



23.-(previously~presented^ 

material selected from the group consisting of CF 4/ NF 3/ CH 2 F 2/ and CHF 3 to the 
oxygen plasma during the exposure of the amorphous carbon layer to the oxygen 
plasma. 



24. (previously presented) The method of claim 17 further comprising removing the 
patterned photoresist layer during the exposure of the amorphous carbon layer to 
the oxygen plasma. 
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25. (new) A method used to form a semiconductor device comprising: 

forming a dielectric layer over a semiconductor wafer substrate assembly; 



etching said layer to be etched to pattern said layer; then 

exposing said a-C:B ARC layer to an oxygen plasma to form an ashed a-C:B 
layer; and 

exposing said ashed a-C:B layer to a solution comprising both phosphoric 
acid and ammonium fluoride. 



W 

m 
to 



: £ 

forming a boron-doped amorphous carbon (a-C:B) antireflective coating > 

(ARC) layer over said dielectric layer; £ 

fa 

r 

patterning said a-C:B ARC layer to expose said dielectric layer; IT 

C 

etching said dielectric layer to pattern said dielectric layer and to form an ^ 
opening therein; then 

exposing said a-C:B ARC layer to an oxygen plasma; and 

subsequent to exposing said a-C:B ARC layer to said oxygen plasma, forming 
a conductive layer within said opening in said dielectric layer. 

26. (new) A method used to form a semiconductor device comprising: 

forming a layer to be etched over a semiconductor wafer substrate assembly; 

forming a boron-doped amorphous carbon (a-C:B) antireflective coating 
(ARC) layer over said layer to be etched; 

patterning said a-C:B ARC layer to expose said layer to be etched; 
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27. (new) A method used to form a semiconductor device, comprising: 

forming a layer to be etched over a semiconductor wafer substrate assembly; 

forming a amorphous carbon layer over the layer to be etched, wherein the 
amorphous carbon layer is doped with boron to between about 0.1 atom % and 
about 20 atom %; 

forming a patterned photoresist layer over the amorphous carbon layer; 

patterning the amorphous carbon layer using the patterned photoresist layer 
as a pattern; 

etching the layer to be etched using the pattern of the photoresist layer as a 
pattern; 

subsequent to etching the layer to be etched, exposing the amorphous 
carbon layer to an oxygen plasma to remove the amorphous carbon layer; and 

exposing the semiconductor wafer substrate assembly to a wet etch for a 
duration of between about 5 minutes and about 10 minutes subsequent to exposing 
the amorphous carbon layer to the oxygen plasma. 

28. (new) A method used to form a semiconductor device, comprising: 

forming^ a~layer to be efched'dveF a semiconductor waf^^bstrate asselriblyy 

forming a amorphous carbon layer over the layer to be etched, wherein the 
amorphous carbon layer is doped with boron to between about 0.1 atom % and 
about 20 atom %; 

forming a patterned photoresist layer over the amorphous carbon layer; 

patterning the amorphous carbon layer using the patterned photoresist layer 
as a pattern; 
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etching the layer to be etched using the pattern of the photoresist layer as a , 
pattern; rn 

-H 

subsequent to etching the layer to be etched, exposing the amorphous ^ 
carbon layer to a fluorine-containing oxygen plasma to remove the amorphous ^ 
carbon layer. 

29. (new) A method used to form a semiconductor device, comprising: 



m 



o 
C 

forming a layer to be etched over a semiconductor wafer substrate assembly; 3 

forming a amorphous carbon layer over the layer to be etched, wherein the 
amorphous carbon layer is doped with boron to between about 0.1 atom % and 
about 20 atom %; 

forming a patterned photoresist layer over the amorphous carbon layer; 

patterning the amorphous carbon layer using the patterned photoresist layer 
as a pattern; 

etching the layer to be etched using the pattern of the photoresist layer as a 
pattern; 

subsequent to etching the layer to be etched, exposing the amorphous 
carbon layer to an oxygen plasma to remove the amorphous carbon layer; and 

introducing a material selected from the group consisting of CF 4 , NF 3 , CH 2 F 2 , 
and CHF 3 to the oxygen plasma during the exposure of the amorphous carbon layer 
to the oxygen plasma. 
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